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One of the major problems in all area of petroleum industry, including production, operation,
storage and transportation, is formation of heavy organic compounds, e.g., asphaltene and wax, and
their consequent deposition in equipment and pipelines. Change in crude oil composition, tem-
perature and pressure leads to asphaltene precipitation. Thus, it is of vital importance to determine
onset of asphaltene precipitation during oil production. In this regard, various techniques have
been suggested in literature, each with its own pros and cons. However, from practical point of
view, one needs to decide which method serves to be proper one. To this end, present study gives a
comprehensive critical review for different techniques serve to determine onset of asphaltene
precipitation along with comparing their advantages and disadvantages. Since each method pre-
sents its own deﬁnition for onset, such as onset of precipitation, clustering and deposition; it is
necessary to distinguish their difference based on underlying physical mechanisms. It was
concluded that mechanism of asphaltene precipitation for determining onset of asphaltene pre-
cipitation plays a substantial role.
Copyright © 2016, Southwest Petroleum University. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
1.1. Signiﬁcance of asphaltene precipitation
The asphaltene deposition during natural production and
hydrocarbons processing is a cumbersome facing petroleum in-
dustry [1]. The asphaltene deposition has been observed from oil
reservoir up to processing equipment [2]. By depletion of con-
ventional reserves, oil industry tends to exploit deeper reservoirs
containing heavy hydrocarbons with high asphaltene content
[3]. In addition, most old ﬁelds have lost their natural energy
demanding Improved Oil Recovery (IOR) methods [4]. Applying
such methods aggravates asphaltene deposition to be a majori Dehaghani).
troleum University.
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creativecommons.org/licenses/b
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oi.org/10.1016/j.petlm.201issue of current status of oil industry [5]. To tackle this issue, one
primarily should characterize asphaltene deposition phenome-
non [6]. It has been well understood that any change in crude oil
thermodynamic conditions such as composition, temperature
and pressure, disturbs equilibrium state of its heavy organic
components, e.g., asphaltene and wax. Consequently, these
components would deposit while passing through porous media
and pipelines. Removing asphaltene deposition often requires
costly remediation operations [7].
Identifying operating conditions at which asphaltene depo-
sition occurs, have a signiﬁcant contribution to maintain eco-
nomic stability and success of long-term production [8].
Therefore, developing a robust thermodynamic model to predict
phase behavior of asphaltene is of crucial importance in order to
choosing suitable solvents and inhibitors to delay asphaltene
precipitation in oil reservoirs [9].1.2. Mechanism of asphaltene ﬂocculation and deposition
Generally, asphaltene represents a fraction of crude oil com-
pounds, which tends to form a solid-like phase once adding lighting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open
y-nc-nd/4.0/).
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Fig. 1. Mechanism of asphaltene precipitation phenomenon [58].
Fig. 2. Kinematic viscosity versus volume % of added n-heptane to oil sample
[31,59].
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believed that asphaltene particles are partially dissolved in oil as
colloidal or micellar form due to mean polarity of crude oil and
presence of stabilizing compounds, e.g., resin [12,13]. In recent
years, precipitation, ﬂocculation and deposition of these mole-
cules have been identiﬁed and analyzed [14]. As an important
point, one should distinguish physical implication of these
words; precipitation, ﬂocculation and deposition.
Precipitation denotes formation of semi-solid phase by ag-
gregation of solid particles [15]. After beginning the precipitation
process, particles with sizes of about 1 micrometers are formed
through clustering process, which is called ﬂocculation stage
[16]. In other words, formation of large aggregates from smaller
ones is called ﬂocculation [17]. At the end, during deposition,
asphaltene particles are formed on a surface, e.g., pipe wall or
rock [18]. Precipitation does not necessarily result in deposition,
however, could be of effective contribution in deposition process
[19,20].
Asphaltene precipitation is a function of pressure, tempera-
ture and crude oil composition [21]. In contrast, deposition de-
pends on amount of adsorbed clusters adhered on the solid
surface [22]. After deposition, ﬂocs could be totally or partially
dissociated into smaller aggregates which are called Flocs
Dissociation. During deposition process, ﬂocs could clog holes of
porous media or break into smaller particles due to shear forces
[23,24]. Fig. 1 illustrates sequential mechanisms of asphaltene
precipitation and deposition phenomena.
As a matter of fact, there are three distinct transition phases
during asphaltene separation from bulk of oil phase, in sum:
1) Asphaltene Precipitation Onset (APO)
2) Asphaltene þ Resin-Flocculation Onset (ARFO)
3) Asphaltene þ Resin-Deposition Onset (ARDO)
APO, ARFO and ARDO are deﬁned as the points at which
asphaltene start to precipitate, ﬂocculate and deposit, respec-
tively, once adding parafﬁnic hydrocarbons into oil [25,26]. Ac-
curate estimation of APO, ARFO and ARDO is of practical
importance for design of oil-related processes and operations
[25,27].
To date, various methods have been proposed to characterize
asphaltene formation phenomena, including: visual microscopic
measurement, particle size distribution, ﬂuorescence spectros-
copy, density measurement, acoustic methods, and so forth
[28e30]. In this regard, some questions have intrigued re-
searchers. Firstly, which onset is determined by these methods,
precipitation or ﬂocculation?What is the range of applicability of
each method? And, most importantly, are these methods appli-
cable for live oil?
In spite of sparse investigations reported in asphaltene litera-
ture, it is worth examining different onset determination tech-
niques to approach preceding questions. To this end, present work
gives a critical review to evaluate aforementioned techniques
based on their advantages and drawbacks. Also, we attempt to
answer accurately and scientiﬁcally the foregoing questions.
2. Methods for determining onset of asphaltene
precipitation
There are different approaches used to record onset of
asphaltene precipitation in crude oil, such as: viscosity mea-
surement [31], ﬁltration techniques [3,32,33], heat transfer-
based approaches [34], electrical conduction [35] and density-
based techniques [36]. It should be noted again that precipita-
tion means forming a solid-like phase, and so all the precedingPlease cite this article in press as: M.M. Shadman, et al., How much do
precipitation?, Petroleum (2016), http://dx.doi.org/10.1016/j.petlm.201methods investigate appearance of this phase. Contrary to
common belief, ﬂocculating is aggregation state where asphal-
tene is still in solution phase [37]. Detailed discussion of pre-
ceding methods are presented in following sections.
2.1. Viscosity measurement
Mansoori and Escobedo investigated crude oil viscosity
alteration by adding precipitant solvent [31,38]. They observed a
point where viscosity is markedly increased, which is considered
as the onset of precipitation, as shown in Fig. 2. Such increase in
viscosity was attributed to incipient of precipitation process and
entanglement of asphaltene molecules.
2.2. Filtration technique
In this method, contents of a PVT cell are mixed together
using a magnetic mixer during the whole period of depressu-
rizing process, and then a small amount (about 10 ml) of mixed
ﬂuid is passed through a 0.45 micrometer hydrophobic ﬁlter at
high pressure and temperature [3,32,33]. Filtration is done at
ambient condition. The back of ﬁlter is pressurized using stable
hydrocarbon gas at lab pressure. Remaining material on the ﬁlter
is analyzed based on SARA separation [33].
2.3. Heat transfer-based approach
Pruden and Clarke obtained onset of asphaltene precipitation
by measuring heat transfer in a layer of deposition at the bottom
of solution formed bymixing a precipitant solvent with crude oil.
This method is applicable for high pressure and temperature
systems [34].
2.4. Electrical conductivity
Measuring crude oil electrical conductivity during adding
precipitant solvent could be an identiﬁcationmethod for onset of
asphaltene precipitation [39]. By gradually increasing theyou know about the methods for determining onset of asphaltene
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Fig. 3. Strength of transmitted light vs. pressure in SDS [56].
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so as mobility of charged particles increases, and subsequently
electrical conductivity increases [35,39,40]. Afterwards, by add-
ing more solvent, viscosity reduction could not be a controlling
factor and remains almost constant. However, adding more sol-
vent heightens electrical conductivity in the onset point [35].
2.5. Density-based technique
In this method, mixture density is measured while mixing a
crude oil sample with different ratios of n-heptane [36,41]. The
break point in the curve of oil density vs. volume of precipitant is
considered to be the onset of asphaltene precipitation. This
technique can be applicable for live oil [36,41].
Table 1 summarizes the aforementioned techniques along
with their main features.
3. Methods for determining onset of asphaltene
ﬂocculation
All of the methods that determine aggregation state of
asphaltene can also determine onset of asphaltene ﬂocculation
[39]. Observing light distortion is the core of these approaches,
including: refractive index [42e44], visual microscopic detection
[45,46], light scattering [47,48], light transmittance [49,50], light
reﬂection [51] and UVevisible spectrophotometry [52]. Addi-
tionally, there is other technique based on light speed which was
developed by Carrier et al. [53]. Theymeasured distance between
two signals which one of them served to be reference signal and
the other is transmitted signal through ﬂuid. This technique has
being successfully employed for detecting liquid to liquid tran-
sition that can be applicable using n-hexane (solvent) at atmo-
spheric condition [42]. In fact, transition between Precipitation
and Flocculation is fairly ambiguous [54]. Those techniques
which use physical properties such as viscosity or density can be
applied to detect emergence of new phases [39].
4. Methods for determining onset of asphaltene deposition
To determine ARDO, crude oil should be dilutedwith different
solvent ratios to obtain the concentration at which precipitation
occurs [41]. Incipient of asphaltene deposition during adding
solvent into crude oil is determined at standard temperature and
pressure. Heshburg et al. observed asphaltene deposition using
microscopic magniﬁcation [44]. As a matter of fact, ARDO is
greater than ARFO and ARFO is bigger than APO, i.e.,
ARDO > ARFO > APO [25]. Simply put, precipitation process oc-
curs before ﬂocculation, and ﬂocculation take places prior to
deposition. Visual methods often are not efﬁcient unless for oils
of enough transparency [30,41]. In this case, deposition of
asphaltene aggregates could be observed readily via microscopicTable 1
Methods for determining onset of asphaltene precipitation.
Method Systems Condition Advant
Viscosity Asphaltenic solution 293 K, 0.1 MPa Fast
Filtration Crude oil High pressure and
temperature
Reliabl
Heat transfer Crude oil 301 K, 0.1 MPa e
Electrical conductivity Crude oil Up to 70 MPa, 393 K Reliabl
Density Crude oil Ambient Simple
Please cite this article in press as: M.M. Shadman, et al., How much do
precipitation?, Petroleum (2016), http://dx.doi.org/10.1016/j.petlm.201observation. Analyzing onset of asphaltene deposition using
microscope is sufﬁciently accurate for light oils of little asphal-
tene content [42]. Heavy crude oils are quite dark that light could
not pass readily through them, thus it is difﬁcult to study onset of
deposition for such hydrocarbons. One way to overcome this
difﬁculty is precise preparation of thin ﬁlm for microscopic
analysis [25,31].5. High pressure measurements
Solid Detection System (SDS) is mainly used to obtain
asphaltene precipitation phase diagram [55]. SDS detects onset
of asphaltene deposition by laser light scattering in a PVT cell
[49]. Due to formation of asphaltene particles, light is scattered
and hardly passes through the oil sample. Consequently, onset
pressure of asphaltene deposition is determinable by a sudden
change in the strength of transmitted light. There are several
turning points for some oil samples, as depicted in Fig. 3 [56]. In
this case, the SDS should be coupled with ﬁltration to obtain
accurate result from information analysis.
The simultaneous precipitation of asphaltene and wax is a
common issue of all discussed methods while determining onset
of asphaltene precipitation [57]. Aquino-Olivos et al. obtained
phase diagram of asphaltene precipitation for live oils using SDS
[56]. As shown in Fig. 4, they pointed out the P-T diagram at high
pressure is of S-like shape. The wax deposition is the case only at
low temperature. According to the phase diagram, decrease in
pressures higher than bubble point can dissolve wax again. On
the other hand, the data scattering at low temperature demon-
strates mechanism of precipitation is different. So the S-like
shape (upper phase diagram in Fig. 4) implies simultaneous
formation of asphaltene and wax.age Disadvantage Reference
Limitation of working condition, also depends on time [31]
e The size of formed asphaltene particles are hypothetical [33]
Not compared with other onset points, Need for solvent
to observe changes
[34]
e e [35]
Limited condition [36,41]
you know about the methods for determining onset of asphaltene
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Fig. 4. Phase diagram resulted by SDS test [56].
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To date, many distinct methods have been proposed for
determining asphaltene precipitation, including: microscopic
measurement, particle size distribution, ﬂuorescence spec-
troscopy, density measurement, acoustic method, and so forth.
Identifying the mechanism of asphaltene formation is very
important. Therefore, a signiﬁcant aspect of asphaltene pre-
cipitation phenomenon is recognizing the difference between
precipitation, ﬂocculation and deposition. Precipitation is state
of forming a solid-like phase by assemblage of minor solid
particles. After precipitation, ﬂocculation begins as soon as size
of particles reaches at least one micrometer. Deposition pro-
cess occurs when solid asphaltene appears on surface. In
asphaltene literature, several methods have been suggested for
determining onset point, including: viscosity measurement,
ﬁltration techniques, heating transfer-based method, electrical
conduction, light scattering, light transition, light reﬂection,
spectrophotometric and UV. The transition between precipi-
tation and ﬂocculation is rather ambiguous. Those techniques
which are used to measure physical properties such as vis-
cosity or density, can also determine existence of a new phase.
Based on underlying physical mechanism, precipitation occurs
before ﬂocculation process and after that, deposition begins to
start. Solid Detection System (SDS) is chieﬂy used to obtain
phase diagram of asphaltene precipitation. Advantageously,
SDS could be used to determine whether wax has simulta-
neously deposited along with asphaltene at low temperature
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